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Abstract 
This paper, through analyzing aggregate economic volume and economic structure, distinguishes the influencing 
factors in fulfilment of the objective that non-fossil energy accounts for 15% of total national energy consumption. 
Potential of renewable energy resources are surveyed. Simulations of China’s total energy consumption in 2020 are 
made on difference growth rate assumptions. The feasibility of industrial restructuring is inspected regarding the 
energy consumption. Policy suggestions are made to achieve the structural objective by 2020. 
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1. Introduction 
To deal with significant challenges brought by fossil-energy-focused energy consumption model to 
sustainable development, Chinese Government presented two objectives for China’s energy restructuring 
by 2020: CO2 emission per un it GDP falling down  by 40%-45% and non-fossil energy accounting for 
15% of total energy consumption. 
2. Analysis on factors influencing the fulfillment of structural objective  
2.1. Total energy consumption composition of China  
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In 2009, China’s total energy consumption was 3.1 billion tons of SCE (standard coal equivalent) [1], 
The elasticity coefficient of energy consumption averaged 0.755. The growth rate of energy consumption 
was7.6% in the first four years of the 11th National Five-year Planning.  
China’s non-fossil energy consists of water, nuclear, wind, solar and biomass energy, the most 
important of which is the hydropower resource, which  accounts for 50% roughly. Resource is the main  
constraint for hydropower development. The technically developable installed capacity of hydropower in 
China is estimated to be 542 million KW [2], with annual power generation of 247 million KWH, while  
the economically  developable installed capacity of hydropower resource is estimated to be 402 million 
KW, with annual power generation of 175 million KWH. The anticipated installed capacity of 350 
million KW by 2020 will reach the ultimate capacity of hydropower.  
The constraint for nuclear power is the technique and management to secure operating safety. In recent 
years, accidents happened frequently in other industries alert the highly-developed nuclear power industry 
that the speedy development would be a great challenge to existing technique and management. Therefore 
it is irrational to overdevelop nuclear power.  
Although there is  potential in other types of energy, the amount is too small to be economical.  
Under the above-mentioned constraints, the achievement of renewable energy objective relates closely 
to the future total energy consumption. Th is paper assumes that the total energy consumption of China 
would steadily grow to 4.5 b illion tons of SCE in  2020, with the non-fossil energy composition as follows 
(see Table 1). 
However, if the total energy consumption amounts to 5.0-5.5 b illion tons of SCE in 2020, the non-
fossil energy object ive, as 15% of total energy consumption, is supposed to reach 750-825 million tons of 
SCE, which is hard to achieve.  
Table 1. Subdivision of Different Types of Non-Fossil Energy Generation of China in 2020 
Type of Energy 
Installed Capacity (million kW) Annual Power Generation 
2020 Increase over 2009 Increase % Trillion kWgh Million Tons of Standard Coal 
Hydropower 3.5 1.53 77 1.15 3.8 
Wind Power 1.5 1.42 1634 0.30 1.0 
Solar Energy Photovoltaic 0.2 —— —— 0.03 0.1 
Biomass 0.3 —— —— 0.15 0.5 
Nuclear Power 0.8 0.7 881 0.60 2.0 
Total 6.3 —— —— 2.23 7.4 
2.2. Energy consumption simulation related to economic growth rate in 2020  
As energy consumption relates closely to economic growth rate, total energy consumption can be 
simulated according to the economic growth rate. The total energy consumption is simulated respectively 
on the basis of economic growth rate of 5%, 6%, 7% and 8% (see Table 2).  
Table2. Simulation of China’s Total Energy Consumption in 2020 ˄ By Elastic Coefficient Method˅(Unit of GDP: trillion 
yuan.Unit of total energy consumption: 100 million tons of standard coal.) 
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Growth Rate  GDP, total energy consumption  2009 2020 
5% 
GDP 34.05 58.24 
Total energy consumption calculated at elasticity coefficient of 0.7  31.0 45.26 
Total energy consumption calculated at elasticity coefficient of 0.6 31.0 42.91 
6% 
GDP 34.05 64.64 
Total energy consumption calculated at elasticity coefficient of 0.7 31.0 48.74 
Total energy consumption calculated at elasticity coefficient of 0.6 31.0 45.74 
7% 
GDP 34.05 71.67 
Total energy consumption calculated at elasticity coefficient of 0.7 31.0 52.48 
Total energy consumption calculated at elasticity coefficient of 0.6 31.0 48.74 
8% 
GDP  34.05 79.39 
Total energy consumption calculated at elasticity coefficient of 0.7 31.0 56.45 
Total energy consumption calculated at elasticity coefficient of 0.6 31.0 51.93 
Table 2 shows every one percentage increase of the economic growth  rate leads to total energy 
consumption increase by at  least 300 million tons of SCE. By 2020, national total energy consumption 
may  possibly retain 4.5 billion tons of SCE if the economic growth  rate is less than 6%. Provid ing the 
economic growth rate goes up by more than 6%, the total energy consumption amounts to 4.5 billion to 
5.0 billion tons of SCE.  
2.3. Energy consumption related to industrial structure  
2.3.1. Influence of industrial structure on total energy consumption  
(1) Accretions in three industries and changes in energy consumption 
During the period 1999-2007, the proportion of accretion of primary industry to GDP declined, when 
the proportion of primary industry energy consumption to total energy consumption dropped from 4.5% 
in 1999 to 3.1% in  2007, that is a  decrease of 1.4% in 9 years. Energy consumption accretion  per 10000-
yuan fell from 0.41t SCE in 1999 to 0.29t SCE in 2007, namely a decrease of 0.12t SCE in 9 years.  
The accretion of secondary industry in proportion to GDP advanced, with energy consumption 
proportion rising from 70.9% in 1999 to 73.1% in 2007, an increase of 2.2 % in 9 years. But the energy 
consumption accretion per 10000-yuan fell from 2.31t SCE in 1999 to 1.56t SCE in 2007, namely a 
decrease of 0.75t SCE in 9 years.  
As far as the tertiary  industry is concerned, the accretion of which  in  proportion to GDP leveled off 
after 3 years rise, accord ingly the energy consumption proportion rose from 13.3% in 1999 to 13.9% in 
2007, then remained 13.7% in  subsequent years. Energy consumption accretion per ten thousands yuan 
fell from 0.53t SCE in 1999 to 0.35t SCE in 2007, that is a decrease of 0.18t SCE in 9 years.  
(2) Comparison of energy consumption between industries 
During the period 1999-2007, energy consumption accretion per 10000-yuan of the secondary industry 
was 1.523t  SCE more than that of the tertiary industry, energy consumption accretion of the secondary 
industry was 4.52 times in average of that of the tertiary industry. Energy consumption accretion per 
10000-yuan of the secondary industry was 1.58t SCE more than that of the primary industry, energy 
consumption accretion of the secondary industry was  5.21 times of that of the primary industry.  
Take 2009 as an example, the proportion of accretion of secondary industry to GDP was 1% h igher 
than that of the tertiary industry, which is more than 51.07 million tons of SCE. Explicitly, 10% 
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adjustment between the secondary and tertiary industries will reduce the overall energy consumption by 
500 million tons of SCE approximately. 
Table 3   Comparison of Overall Energy Consumption Accretions of Three Industries (Unit: tons of standard coal/10,000-yuan) 
Year  
Primary 
Industry 
Secondary 
Industry 
Tertiary 
Industry 
Comparison between Secondary 
and Tertiary Industries 
Comparison between Secondary 
and Primary Industries 
Difference % Difference % 
1999 0.41 2.31 0.53 1.79 4.40 1.9 5.63 
2000 0.40 2.14 0.49 1.65 4.37 1.74 5.35 
2001 0.41 2.03 0.44 1.59 4.57 1.62 4.95 
2002 0.40 1.98 0.42 1.56 4.70 1.58 4.95 
2003 0.39 2.00 0.43 1.57 4.69 1.61 5.13 
2004 0.36 1.98 0.43 1.55 4.61 1.62 5.5 
2005 0.36 1.86 0.41 1.45 4.51 1.5 5.12 
2006 0.35 1.73 0.40 1.34 4.37 1.38 4.94 
2007 0.29 1.56 0.35 1.21 4.45 1.27 5.38 
Reference: Chinese Energy Statistical Yearbook 
2.3.2. Effect of internal structure of the secondary industry on total energy consumption  
In China, the proportion of the secondary industry to GDP has remained about 40% since 1980. Along 
with the progress of industrialization, output of basic industry in proportion to total industrial output has 
risen sharply from 50% in early 1980s to 76.5% in 2007.   
Industrial energy consumption accounted for 70% of total energy consumption approximately. If the 
energy consumption per unit  output of heavy industry is 4 times that of light industry  [3], 10% adjustment 
between heavy and light industries will reduce 150 million tons of SCE.  
3. Policy suggestions on achievement of the structural objective  
3.1. Comprehensive measures and integral planning  
The energy objective is not merely  an issue of energy. It relates to the transformat ion of national 
overall economic growth mode. Diversified measures shall be taken to restructure the energy composition, 
the most important of which is to keep a moderate economic growth rate.  
The dilemma of economic growth and fossil energy consumption reduction could be resolved through 
industrial restructuring. On one hand, 10% ad justment between the secondary and tertiary industries could 
reduce total energy consumption by 500 million tons of SCE approximately. On the other hand, 10% slide 
of energy-intensive heavy industry could reduce total energy consumption by 150 million tons of SCE 
approximately. If these measures are fully implemented in China, these restructurings bring down total 
energy consumption by 500-700 million tons SCE. 
3.2. Scientific and effective measures to develop non-fossil energy  
In terms of the regional structure of power demand, power consumption in Yangtze River Delta area 
was 6213.73 TWh in 2007, over 20% of national total consumption, and 86% of which was coal power. 
In last five years, the gap between the power supply and demand in this area was widening year by year.  
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Table4 Comparison of Power Consumption between Yangtze River Delta and North China (Unit: TWH) 
Area 1990 1995 2000 2005 2007 
Shanghai 264.74 403.27 559.42 921.97 1072.38 
Jiangsu 411.81 684.80 971.82 2193.45 2952.02 
Zhejiang 230.29 439.59 742.89 1642.32 2189.33 
Total of Yangtze River Delta  906.84 1527.66 2274.13 4757.74 6213.73 
Yangtze River Delta as % of national 
total  0.17 0.21 0.24 0.27 0.28 
National Total  5318.00 7404.67 9655.48 17313.49 21964.64 
Reference: Chinese Energy Statistical Yearbook 
Power demand is also greater in North China, which is more than 30% of national total demand. There 
is less open field in this area than that in west China, whereas it is not as populous as south China. Priority 
could be given to the development of solar power.    
It is a good solution to develop non-fossil energy in the above-mentioned two areas to partially meet 
50% national total power demand. This measure may relieve the pressure of long-distance non-fossil 
energy transmission in grid. 
3.3. Cleaner fossil energy  
3.3.1. Promotion of the clean use of coal  
Coal is the main source of greenhouse air emission. Presently, coal still accounts for nearly 70% of 
fossil energy in China. By 2020, energy restructuring will mostly aim to reduce the share of coal in 
China’s energy composition sharply. Energy compositions in 2020 are simulated respectively according 
to coal share decrease by 55% or 60%. 
Table 5 Energy Consumption Composition of China in 2020 
According to the simulat ion on assumption that coal share reduces to 55% below, there are not too 
many substitutes to replace the coal. It seems that there are only two choices: the share of petroleum 
maintains at 20% or the share of natural gas rises to more than 15%. However, analysis shows that it is 
hard to achieve such shares. Therefore the alternative of 60% coal share by 2020 in China is a compulsory 
option. In the next  ten years, it  is hard  to change the situation that coal remains the main energy resource 
in China.  
The only solution is to improve the clean us age of coal, and what  is most crit ical is to improve the 
efficiency of coal-fueled power generation. The most efficient technology is 300g/ kW·h for coal-fueled 
Type of Energy 
Energy Composition  
in 2009 
Planned Target  
Composition in 2010 
Target Composition  
1 in 2020 
Target Composition 
 2 in 2020 
Coal ˄ %˅ 69.5 66.1 55 60 
Petroleum˄%˅ 17.5 20.5 14 14 
Natural Gas˄%˅ 3.8 5.3 10 10 
Nuclear power and 
renewable energy˄%˅ 9.2 8.1 16 16 
Total  100 100 95 100 
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power generation. [4] In 2009, national average coal consumption is 342g standard coal per KWH. 
Nationally 60 million tons of standard coal may be saved in 2020 assuming the average consumption is  
320g/ kW·h for coal-fueled power generation in China. If the efficient technology is applied to achieve 
310g/ kW·h, 90 million tons of standard coal may be saved. 
3.3.2. Promotion of natural gas industry as an energy strategy  
Generally, energy restructuring is ach ieved through greater percentage of petroleum and natural gas in 
most counties. In fact, however, it is impossible for China to change its energy composition through 
increasing the petroleum consumption. According to authorities’ prediction, the maximum annual 
petroleum production in  China is only  around 200 million tons. Even if China remains its total energy 
consumption at 4.5 billion tons in  2020, and the proper petroleum share of 20% means 1000 million tons 
of imported petroleum. According to the consumption level o f industrialized  Japan and Korea, b illions of 
tons of petroleum must be imported to meet demands, which is not practical.  
It’s suggested to adopt the energy strateg ies of establishing the compositive energy exploitat ion of 
natural gas, coal-seam gas, biomass gas, and combustible ice; developing the industrial system of natural 
gas; involving it in the key industry development plan, and promoting the development of natural gas 
industry while guaranteeing the energy supply security. 
4.  Conclusion 
Influencing factors in fulfilment of the objective are distinguished as total energy consumption, 
economic growth rate and industrial structure. Policy suggestions are given as  follows: (1) to maintain 
total energy consumption less than 5 billion tons by moderate economic growth rate; (2) to make 
appropriate economic growth rate by restructuring industries; (3) to achieve close-loop renewable energy 
management from energy investment to energy efficiency measures; (4) to develop non-fossil energy 
effectively; (5) to attain clean utilization of fossil energy. 
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